INTRODUCTION
============

Low back pain is an extremely common health problem and its economic burden increases every year ([@b5-jer-14-2-168]; [@b27-jer-14-2-168]; [@b28-jer-14-2-168]). Despite the condition being widely documented in the literature, its etiology, effective management, and prognosis still require further investigation. The goal of this brief review is to summarize the importance of chronic low-grade inflammation in low back pain and show measures capable of mitigate these problems.

PREVALENCE
==========

The prevalence of low back pain has grown over the years, while the incidence of low back pain affects mainly mid to older people and females ([@b6-jer-14-2-168]; [@b27-jer-14-2-168]; [@b38-jer-14-2-168]; [@b52-jer-14-2-168]; [@b55-jer-14-2-168]; [@b58-jer-14-2-168]). Of note, low back pain is also a prevalent health problem in Brazil. In a recent population study in the city of Presidente Prudente - Brazil, the prevalence of reported back pain in the last year was 50.2%, and 32.3% in the last week ([@b58-jer-14-2-168]). Another population study involving elderly residents of São Paulo - Brazil, the prevalence of low back pain was 29.7% and almost half of this (49.6%) reported low back pain with moderate intensity and events occurring with daily attendance ([@b12-jer-14-2-168]). The factors that influence the prevalence and incidence of low back pain include associated comorbidities such as depression and cardiovascular diseases, lifestyle factors (e.g., smoking), occupational and psychosocial factors, and physical inactivity ([@b15-jer-14-2-168]; [@b38-jer-14-2-168]). In addition to environmental lifestyle factors, genetics has an important contribution in the prevalence of chronic low back pain ([@b31-jer-14-2-168]).

ETIOLOGY
========

The high prevalence of low back pain may be explained by the fact that the condition is considered a multifactorial disease and therefore has several possible causes ([@b2-jer-14-2-168]; [@b32-jer-14-2-168]). A systematic review based on twin samples found a variety of factors that can be associated with low back pain ([@b15-jer-14-2-168]). Among the factors listed the most significant ones were smoking, obesity or higher levels of body mass index (BMI), patients' self-assessment of poor health, comorbidities (asthma, diabetes, headache, osteoarthritis, and osteoporosis), physical workload, lower levels of physical activity, and depression (associated with physical disability). Further literature reviews ([@b2-jer-14-2-168]) also list some factors that may be predictors of low back pain, such as problems in gastrointestinal tract, pelvic disorders, gynecological, vascular, and psychological issues. However, the cell molecular mechanism involved in the inflammatory process, or response in low back pain are poorly studied. Therefore, this manuscript aims to review the literature on the relationship between low back pain, obesity, and inflammatory markers.

SEDENTARY LIFESTYLE
===================

[@b26-jer-14-2-168] found that sedentary lifestyle was associated with 1.41 times greater risk of developing back pain. In addition, people who do not comply with the current recommendation for physical activity (≥150 min per week) have 1.23 times more chances to develop low back pain.

On the other hand, people involved in sport activities, particularly on level of 1--2.5 hr/wk, were less likely to develop chronic low back pain complaints (odds ratio \[OR\], 0.72: 95% confidence interval \[CI\], 0.58--0.90). The intensity or type of sport did not affect the results ([@b26-jer-14-2-168]). In a meta-analysis of 14 studies it was observed an inverse relationship between physical disability due to low back pain and physical activity, indicating that higher levels of disability correspond with lower levels of physical activity (OR, -0.33; 95% CI, -0.51 to -0.15) ([@b36-jer-14-2-168]). In summary, the practice of any physical activity may be a protective factor for the development of low back pain, except a very high level of physical activity, that can increase the risk of low back pain ([@b48-jer-14-2-168]). In a recent study ([@b55-jer-14-2-168]), the lowest level of physical activity was associated with an increased risk of disability and high intensity pain (OR, 5.0; 95% CI, 1.5--16.4) after adjustment for age, sex and BMI. However, results also highlighted that people with high levels of physical activity had no symptoms of low back pain and disability ([@b55-jer-14-2-168]).

OBESITY
=======

Since sedentary lifestyle and/or insufficient physical activity are associated with the incidence of low back pain and that they are independent risk factors for obesity development ([@b8-jer-14-2-168]; [@b40-jer-14-2-168]; [@b55-jer-14-2-168]), it is expected that there is a close relationship between these outcomes. Supporting this idea, [@b10-jer-14-2-168] in a meta-analysis comprised of five studies investigating the association between obesity and low back pain, revealed that twins with high weight and BMI were nearly 2 times more likely to have low back pain compared to those with normal weight or below normal. Moreover, in this same study it was found that twins underweight had lower prevalence of low back pain than twins with normal BMI. However, environmental and genetic factors seem to interfere and act as a confounder in this relationship ([@b11-jer-14-2-168]). Moreover, a recent study noted that 80.6% of the obese population investigated had low back pain, in contrast, to their corresponding low BMI the prevalence was less than 60% ([@b30-jer-14-2-168]). Currently, obese and sedentary individuals constitute the most susceptible group to develop low back pain ([@b48-jer-14-2-168]).

ADIPOSE TISSUE AND INFLAMMATORY MARKERS
=======================================

It is known that adipose tissue, currently considered an endocrine organ, when hypertrophied, is characterized by increased production of pro-inflammatory cytokines such as tumor necrosis factor-α (TNF), interleukin-6 (IL-6), and interleukin-1β (IL-1β), which may generate a frame of chronic low grade inflammation ([@b16-jer-14-2-168]). Besides, obese individuals present high concentrations of C-reactive protein (CRP), an acute phase inflammatory marker mainly produced in the liver in response to IL-6 ([@b33-jer-14-2-168]; [@b45-jer-14-2-168]), compared to eutrophic individuals ([@b6-jer-14-2-168]; [@b13-jer-14-2-168]). The same has been reported as a predictor of cardiovascular risk ([@b14-jer-14-2-168]). In addition to its pro-inflammatory function associated with obesity, CRP has been classically described as extremely sensitive systemic marker of inflammation and tissue damage ([@b44-jer-14-2-168]; [@b45-jer-14-2-168]). This occurs, because the injured tissue recruits immune cells such as macrophages and neutrophils, which act on tissue healing. This outcome leads to increased local production of pro-inflammatory cytokines (TNF and IL-6) that are sensitizers of CRP production, especially in hepatocytes ([@b45-jer-14-2-168]). According to research ([@b6-jer-14-2-168]), CRP may be present in signaling responsible for sensation or activation of the pain of musculoskeletal system. [@b53-jer-14-2-168] investigated CRP concentrations in patients with acute low back pain, but in different levels of severity (visual analogue scale, VAS). It was noted that category of people with greatest severity of low back pain (\>4 points -- VAS) had higher CRP concentration (1.3 mg/L), while the category of less severity of pain (≤2 points -- VAS) had lower CRP concentration (0.8 mg/L). [@b18-jer-14-2-168] compared CRP levels in patients with acute and chronic low back pain for 6 months. At baseline, there were no statistically significant differences in concentrations of CRP in patients with acute low back pain (1.49 mg/L) when compared with CRP concentrations in patients with chronic low back pain (1.30 mg/L). However, it was found that, in the first 3 weeks of follow-up, the group of patients with acute low back pain showed a significant decrease of CRP concentrations (1.49 mg/L → 0.40 mg/L) associated with outcomes pain and functional capacity. Whereas in chronic low back pain group CRP concentrations remained constant (1.31 mg/L → 1.39 mg/L) and had no relationship with measures of pain and functional capacity. When combined, high CRP levels and obesity, the odds of reporting low back pain increased more than twice (OR, 2.87; 95% CI, 1.18--6.96) ([@b6-jer-14-2-168]).

As aforementioned, CRP is an acute phase inflammatory marker ([@b33-jer-14-2-168]; [@b45-jer-14-2-168]). The literature describes also during the inflammatory process occurs the production of prostanoids -- a group of eicosanoids produced by arachidonic acid (AA) ([@b54-jer-14-2-168]; [@b57-jer-14-2-168]). The AA can be generated from phospholipase (cleavage of cell membrane phospholipid) of the type A2 ([@b7-jer-14-2-168]), and/or omega-6 from our diet ([@b3-jer-14-2-168]). This can follow two different routes to form eicosanoids: the route cyclooxygenase (COX) and lipoxygenase pathway ([@b50-jer-14-2-168]). As mentioned, the recruitment of macrophages at least in part, may contribute to the onset and progression of low back pain, promoting, in particular of activation of the COX (specifically, COX-2).

COX-2 is the pathway responsible for the production of prostanoids ([@b23-jer-14-2-168]; [@b49-jer-14-2-168]). Prostanoids are constituted by four types of prostaglandins (PGs) and thromboxanes (TXs): PGE~2~, PGD~2~, PGF~2~, PGI~2~ and TXA~2~ ([@b49-jer-14-2-168]; [@b50-jer-14-2-168]). In addition, PGs are produced by the sequential action of the COX-2 and their respective AA synthases, released by phospholipase A~2~ to phospholipid membrane ([Fig. 1](#f1-jer-14-2-168){ref-type="fig"}) ([@b54-jer-14-2-168]; [@b57-jer-14-2-168]).

PGE~2~ AND EXERCISE
===================

PGE~2~ is important in the process of triggering actions such as pyrexia, sensation of pain and inflammation ([@b54-jer-14-2-168]; [@b57-jer-14-2-168]), which may be present in cases of low back pain in obese individuals, especially those who exhibit a frame chronic low-grade inflammation. Based on this, should be noticed that low back pain, obesity and chronic low-grade inflammation are closely related, and interventions for mitigating these outcomes are important from the point of view of treatment.

The practice of physical exercise promotes a range of positive health changes, such as improvement in lipid profile, reducing chronic low-grade inflammation systemic and local, decreasing risk of developing obesity, diabetes mellitus 2 and cardiovascular diseases ([@b37-jer-14-2-168]; [@b43-jer-14-2-168]). Furthermore, regular exercise may be considered a form of nonpharmacological treatment for obesity, low back pain, and other chronic diseases ([@b41-jer-14-2-168]).

A literature review ([@b43-jer-14-2-168]) found that lifestyle modification can also reduce body fat, the main site of inflammatory proteins production. Indeed, involvement in physical exercise programs has an inverse relation with the development of chronic low-grade inflammation ([@b25-jer-14-2-168]; [@b29-jer-14-2-168]).

MODERATE-INTENSITY CONTINUOUS TRAINING
======================================

Exercise in the form of continuous aerobic training is characterized by the performance of continuous contractile activity for long periods in light to moderate intensity (\~50%--75% maximum oxygen uptake \[VO~2max~\]). This can be performed in several intensities from very light (\<37% of peak VO~2~ \[VO~2peak~\]) until a maximum intensity (≥91% of peak VO~2~) as suggested by [@b17-jer-14-2-168].

When it comes to continuous exercise, studies are well documented. [@b24-jer-14-2-168] investigated the efficacy of an intervention performed for 12 weeks (walking -- 3,000 steps per day, 5 times a week -- monitored by a pedometer) in systemic inflammatory markers in overweight adults. In conclusion, the intervention did not promote reduction of circulating inflammatory markers such as CRP, IL-6, and TNF-α. This finding corroborates with the study by [@b46-jer-14-2-168], which found no change in circulating inflammatory proteins (IL-6, TNF-α) and anti-inflammatory (adiponectin) after submitting 25 sedentary and obese individuals on a 12 weeks of aerobic training program, with a frequency of 5 times per week, and moderate intensity (50% VO~2peak~). The training consisted of two supervised sessions per week of aerobic exercise and 3 sessions per week of exercise at home performed on a cycle ergometer. In addition, after 12 weeks of continuous moderate-intensity aerobic exercise intervention (energy expenditure of 500--600 kcal), 3 times/wk lasting 60--75 min, [@b9-jer-14-2-168] also found no change in circulating inflammatory proteins (IL-6, IL-15, IL-18, MCP-1, adiponectin and MIP1α). [@b35-jer-14-2-168] showed that, despite improvements in lipid and glycemic profiles after continuous aerobic training (60 min of walking and running, with 55%--85% of VO~2peak~), no significant change was observed in markers (IL-6, TNF- α, and CRP) of chronic low-grade inflammation. In contrast ([@b4-jer-14-2-168]), prescribed a continuous aerobic training for type 2 diabetic patients -- performed 2 times/wk, 70%--80% of VO~2peak~ for 60 min -- and found its effectiveness in promoting an anti-inflammatory profile. The anti-inflammatory profile was characterized by an increase of adiponectin and a tendency to increased IL-10 and decrease TNF-α, IL-6, and interferon-gamma. Moreover, the authors highlight the importance of long-term intervention (12 months).

HIGH-INTENSITY INTERVAL TRAINING
================================

More recently, the adoption of aerobic training performed intermittently and high intensity programs has drawn attention from the scientific community, due to its effect on reducing fat deposits and improving aerobic capacity.

It has been demonstrated that high-intensity interval training (HIIT) has several clinical benefits to health of populations, and to improve their risk factors for chronic diseases ([@b19-jer-14-2-168]; [@b47-jer-14-2-168]). According to [@b21-jer-14-2-168] HIIT consists of work out repeatedly at a high intensity for 30 sec, separated by an interval of 1- to 5-min recovery. This recover may remain at rest or performing an active rest. [@b34-jer-14-2-168] conducted a study involving HIIT (85% VO~2peak~) and demonstrated, in just 2 weeks, beneficial changes in pro-inflammatory markers circulating and adipose tissue in obese individuals and males. Additionally, significant differences in body mass, percentage body fat, and waist circumference were demonstrated after HIIT ([@b1-jer-14-2-168]). [@b56-jer-14-2-168] identified that HIIT has more physiological benefits than continuous training of moderate intensity in patients with diseases induced by lifestyle. HIIT improved nearly double the cardiorespiratory fitness (VO~2max~) compared with continuous training (19.4% vs. 10.3%). Thus, to improve fitness, HIIT seems to be an effective strategy for improving health in a short period in overweight/obesity individuals ([@b22-jer-14-2-168]; [@b51-jer-14-2-168]). Still, recent studies have suggested that HIIT could be equally, if not more effective, to improve performance and health benefits considerably lower volumes of total working when compared with continuous exercise ([@b20-jer-14-2-168]). Comparative studies (continuous moderate intensity vs. intermittent high intensity) show similarities in adaptations imposed. [@b42-jer-14-2-168] assessed concentrations of IL-10, IL-20, TNF-α, insulin resistance index and aerobic capacity on obese men. Both types of training showed similar effects. [@b39-jer-14-2-168] also observed similar effects between continuous and intermittent training, although pointing that individuals who performed HIIT reported greater satisfaction at the end of training.

CONCLUSIONS
===========

Physical exercise is an important nonpharmacological treatment for low back pain and obesity. Both MICT and HIIT programs discussed in this review showed similar and beneficial effects for the health-related outcomes. However, some studies showed that individuals who performed HIIT presented greater satisfaction after training completion and better compliance. Moreover, it is interesting to note that HIIT is time-efficient, without reducing its benefits.

Despite the knowledge about health-related benefits of MICT and HIIT, more studies are needed to verify which intervention is more effective particularly for obesity and inflammatory markers associated with low back pain.
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